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Abstract

Objective – To describe the clinical signs, surgical treatment, and outcome of septic arthritis of the coxofemoral joint in foals. 
Study Design – Retrospective clinical study.
Sample Population – Foals (n=12) with confirmed sepsis of the coxofemoral joint.
Methods –Lameness was localized to the coxofemoral joint by physical examination, and sepsis confirmed by cytological analysis of synovial fluid obtained during general anesthesia or standing sedation under ultrasonographic guidance. Intra-articular analgesia was an additional diagnostic modality used in two foals. Surgical lavage of the affected joint was performed via arthroscopy or needle lavage, with repeated lavage performed in seven foals. 
Results – Synovial fluid white blood cell count ranged from 4.4 to 173 x 109/L, total protein ranged from 38 to 63g/L and positive cultures were obtained from affected joints in 10/12 foals. Organisms isolated were Salmonella spp., Streptococcus spp., Rhodococcus spp., Enterococcus spp., Escherichia spp., Staphylococcus spp., Acinetobacter spp., Methicillin-resistant Staphylococcus aureus (MRSA) and Bacillus spp. Ten foals survived to be discharged from hospital (83%). One foal was euthanized 15 days post discharge due to chronic intestinal Salmonellosis and renal failure, and nine foals survived with no residual lameness detected one year after discharge from hospital.
Conclusions –Sepsis of the coxofermoral joint can be effectively treated with a combination of arthroscopic lavage and the use of systemic and local antimicrobials. 


Introduction
Septic arthritis is frequently reported as a cause of lameness in foals.1 Infectious orthopedic disease in this age group is most commonly attributed to hematogenous dissemination of bacteria, often in the absence of concurrent signs of systemic disease or other localized sites of infection.2-4 Proposed entry routes for infectious organisms include, but are not limited to, the placenta, respiratory and intestinal tracts, and umbilical remnants.5 The incidence of septic arthritis is higher in immunologically impaired foals due to partial or complete failure of immunoglobulin transfer. 6-7 The risk of joint infection is greatest during the first month of age, 8-9 and concomitant generalized septicemia increases the likelihood of complications and/or a poor outcome.10 In a previous study of foals confirmed with septicemia and septic arthritis the survival rate was up to 78%.11 The most commonly affected joints are the tarsocrural, and metacarpo/tarsophalangeal followed by the carpus and stifle articulations.6 As an anatomical site, the coxofemoral joint is infrequently reported to be affected by sepsis.2,6,11-13 Previous studies describing location of synovial sepsis in foals and adult horses document, 5 coxofemoral joints affected of 66 septic joints in 23 foals (7.5%),2 2 coxofemoral joints of 192 horses affected with septic synovial structures(1.7%),6 2 coxofemoral joints affected of 93 foals with septic arthritis(<3%),11 2 coxofemoral joints of all affected joints in 69 foals with septic arthritis (2.9%),12 and 3 coxofemoral joints of all affected joints in 83 foals(1.5%).13
 
Early recognition of synovial sepsis involving the coxofemoral joint can be challenging due to the often subtle and non-specific nature of the clinical signs. A comprehensive history and thorough clinical examination, in conjunction with radiological or ultrasonographic studies and synovial fluid analysis is critical for accurate diagnosis.14 The use of peripheral blood analyses, which may show evidence of leukocytosis due to neutrophilia, hyperfibrinogenemia and an increase in the concentration of other acute phase proteins,14 may also be useful. The use of gamma scintigraphy using cells radiolabeled with 99M Tc-HMPAO has been described for the identification of septic synovial structures in horses, however this technique is not routinely used.15   
A variety of surgical treatments for septic arthritis have been described, including: through-and-through needle lavage, arthroscopic lavage and arthrotomy.4,7-8,16-17 The goal of therapy is rapid elimination of infecting organisms, inflammatory products and pannus, through the use of systemic and local antimicrobial therapy,  joint lavage and anti-inflammatory therapy. 14,18 
Survival rates for foals affected by septic arthritis are on the increase and range from 42% to 84.1%.6,7,11-12,19 This may be due to increased awareness of the condition amongst owners/ breeders, and the widespread availability of effective treatment protocols.12 A recent study suggested that 65.8% of foals with septic arthritis and confirmed  osteomyelitis - which is associated with a poorer prognosis- survived and 48% went on to finish at least one race.20 
 Lameness is the most common clinical sign associated with coxofemoral joint sepsis,6 however this is a non-specific clinical sign, and other localizing signs such as effusion, commonly associated with joint sepsis,  are difficult to detect when associated with the coxofemoral joint due to its anatomical position and the amount and depth of the surrounding soft tissues. To the best of our knowledge, this is the first study to focus on describing the outcome for foals affected with sepsis of the coxofemoral joint. 
The following report describes the diagnosis, treatment, surgical management and outcome in twelve foals with confirmed sepsis of the coxofemoral joint. 























Materials and Methods
The medical records of all foals (less than 1 year of age) presented for lameness attributed to sepsis of the coxofemoral joint at Goulburn Valley Equine Hospital, (Victoria, Australia), University College Dublin (Dublin, Ireland), The Weipers Centre Equine Hospital (Glasgow, Scotland) and The Royal Danish and Agricultural University (Copenhagen, Denmark) between 2000-2009 were identified. The following information was recorded; history data, signalment, clinical signs, grade of lameness, hematology, radiological and ultrasonographic findings, synoviocentesis results (including microbiological and antibiogram results), method of treatment (including surgical approach), and outcome. 
All of the individuals identified had evidence of sepsis confirmed by aspiration of synovial fluid. Sepsis was considered likely when gross appearance was turbid, cloudy, flocculent, or non-viscous and fluid had a total protein greater than 40 g/L and white blood cell count greater than 10.0 x 109/L. 14,21,22  A diagnosis of coxofemoral joint sepsis was made when there was an association between analysis of the synovial fluid and the clinical findings. 14,21,22 The synovial fluid was collected in EDTA for cytological examination, white blood cell count, differential and total protein concentration and plain sterile tubes were collected for bacterial culture and sensitivity. 
Synovial cavity lavage was performed either with arthroscopic lavage or by percutaneous through-and-through lavage. Needle lavage was performed initially in two foals due to financial constraints, however a subsequent arthroscopic lavage was carried out following recurrence of clinical sings in both foals. Arthroscopic lavage was the recommended technique and was used in the rest of the foals presented. 
Follow up information was obtained one year after discharge from each of the hospitals by telephone conversation with the owner/keeper of the foal and the referring veterinary surgeon.






















Results
History and signalment
Twelve foals were identified which met the inclusion criteria ranging in age from 16 to 231 days (median age 56 days). There were 10 Thoroughbreds, one Irish Sport Horse (ISH) and one Clydesdale (CD).  Eight of the foals were male and four were female, six foals had sepsis of the left and six foals had sepsis of the right coxofemoral joint. No history of failure of passive transfer was reported in any case, this was assessed either prior to presentation by the referring vet or in the hospital by IgG measurement and by the modified sepsis score system.23 Foal number 3 had been previously discharged (6 days previously) from one of the hospitals on continued ocular therapies following treatment for a melting corneal ulcer and severe uveitis of the left eye.  All of the foals had been presented with a two to five day history of acute onset of hind limb lameness and pyrexia. 

Physical examination
All of the foals presented with a degree of lameness graded from 2/5 to 5/5 (AAEP lameness scale).24 Grade 4/5 lameness was observed in four foals and grade 5/5 (non-weight bearing) lameness was observed in four foals (Table 1: Summary of the 12 foals). A mild to severe pain response to palpation and manipulation of the affected joint was present in all cases. Eight foals exhibited profound pain on manipulation and attempts at flexion of the upper limb. Localized swelling was present over the affected coxofemoral joint in three cases. 

Diagnosis
A presumptive diagnosis of septic arthritis of the coxofemoral joint was made based upon the findings of physical examination, radiography, ultrasonography and diagnostic analgesia. The diagnosis of sepsis was confirmed by synovial fluid analysis and clinicopathologic findings. In all foals, ventrodorsal and ventromedial-dorsolateral oblique radiographs of the pelvis, hip and proximal femur were obtained with the foal either standing, or in dorsal recumbency with the foal anaesthetized (routine anesthesia monitoring was performed during all procedures). No radiographic abnormalities were detected in any of the foals. Transcutaneous ultrasonography was performed in seven of 12 cases and revealed an increased joint space with a notable increase in the amount of anechoic fluid compared to the contralateral limb in all seven foals. In addition, four individuals had hyperechoic particles and heterogeneous hypoechoic floculations (fibrin) within the joint. Transrectal ultrasonography was performed when the size of the foal allowed, and identified irregularity of the contour of the acetabulum in two cases when compared to the contralateral limb (foal 3 and 4). 
Instillation of local anesthetic solution (2% lidocaine hydrochloride 200 mg to 400 mg) into the coxofemoral joint was performed in two foals following collection of synovial fluid (using the same technique described for synoviocentesis).  The degree of lameness decreased markedly following intra-articular analgesia in these two foals. 
 
Synoviocentesis, Bacteriology and Antibiogram
Coxofemoral joint synoviocentesis was performed standing or during general anesthesia using a 20G 3½-inch spinal needle inserted in the intertrochanteric fossa between the cranial and caudal portions of the greater trochanter under ultrasonographic guidance. The synovial fluid values for white blood cell (WBC) count and total protein were obtained in 11 cases with results consistent with sepsis; grossly purulent synovial fluid (volume of 15 to 20 mL) was aspirated in two cases which was attributable to sepsis by visual inspection. Analysis of the fluid revealed a mean white blood cell of 57.21 x 109/L (Normal value <10 x 109/L) ranged from 4.4 to 173 x 109/L and mean total protein concentration of 51.3 g/L (Normal value < 40 g/L) ranged from 38 to 63 g/L. There was evidence of hemoarthrosis in foal number 3 (red blood cells >100 x 109/L). Synovial fluid samples were submitted for culture and antibiogram except in two cases. Because all of the foals presented, following the instigation of antimicrobial therapy, all samples were submitted prior to a change in antimicrobial therapy if this was deemed appropriate. The microorganisms isolated and the antimicrobials used are summarized in Table 2. In foal number 1, a fluid sample obtained during the second surgery revealed a negative bacteriological culture. 

Surgical technique
Joint lavage was performed during general anesthesia as soon as sepsis was confirmed. The foals were positioned in lateral recumbency with the affected hip uppermost and a routine aseptic preparation of the skin was performed. In foals 1 and 2, the joint was lavaged with 1 L of Ringer’s lactate solution using a percutaneous through-and-through technique with a second spinal needle inserted cranial to the cranial portion of the greater trochanter and angled cranioventrally. After lavage, intra-articular antimicrobials were injected (ceftiofur sodium, gentamycin sulfate, ampicillin sodium or amikacin sulfate). Arthroscopic lavage of the coxofermoral joint was the first treatment performed in 10 of 12 foals. Spinal needles were used to determine optimum positioning of the arthroscopic portals. The joint was distended with 100 mL of Ringer’s lactate solution. A skin incision was made approximately 1 cm abaxial and proximal to the intertrochanteric fossa between the cranial and caudal portion of the greater trochanter. Using a spinal needle as a directional guide, a 5-mm arthroscopic sleeve and a conical obturator were introduced into the joint, the obturator removed and the arthroscope (18 cm, 4 mm diameter, 30 degree telescope, Karl Storz Veterinary Endoscopy) inserted. A second skin portal was made approximately 4 cm cranial to the arthroscopic portal, and an egress cannula placed using a spinal needle as a directional guide.25-27 Movement of the arthroscope within the joint was limited: however, the articular cartilage over the rim of the acetabulum and the head of the femur could be visualized in all cases. Abnormalities detected during arthroscopic evaluation included: fibrin accumulation within the joint (6/12), thickening and hyperemia of the villous synovium (9/12) and intra-articular hemorrhage (3/12). No articular cartilage abnormalities were detected in any case. In foal number 9 an indwelling articular lavage catheter (Small Joint/Tendon Sheath Kit, 9150, Mila International, KY, USA) was placed and maintained in position for 72 hours. A continuous rate infusion of one-third of the total daily dose of gentamycin sulfate (6.6 mg/kg) was instilled into the joint.    

Clinical progression and decision making
A second arthroscopic lavage was performed 48 to 144 hours after the first if; there was no improvement in, or there was deterioration in the grade of lameness; or the foal became, or remained pyrexic. Repeat cytological analysis of synovial fluid was obtained as necessary to assess ongoing sepsis.  Repeat arthroscopic lavage was performed in seven of 12 foals. A third arthroscopic lavage was necessary in one of the foals (number 9) that had associated sepsis of the metatarsophalangeal and both tarsocrural joints. Repeat radiographic examination of the pelvis prior to the second surgery was performed in all cases and revealed no abnormalities. 

Medical management 
Eleven of the 12 foals had been initially treated with procaine penicillin (20000 IU/kg, every 12 hours, intramuscularly [IM]) and gentamycin sulfate (6.6 mg/kg, once daily, intravenously [IV]) for several days prior to referral. One foal had received no antimicrobials due to a presumptive, incorrect, diagnosis of fracture of the femoral head. Antimicrobial drugs were continued parenterally in eight cases. The initial choice of antimicrobial treatment was changed in three cases to ceftiofur sodium (5 mg/kg, every 12 hours, IV) and gentamycin  sulfate (6.6 mg/kg, once daily, IV) (two foals), cephalexin (30 mg/kg, every 8 hours, orally) with neomycin (10 mg/kg, once daily, IM) (one foal) and erythromycin (10 mg/kg, once daily, orally) with rifampicin (5 mg/kg, every 12 hours, orally) (one foal). The decision to change the antimicrobial prior to sensitivity results was based on clinical experience and due to a lack of improvement in the clinical signs; a further change was performed if necessary according to antibiogram results.  
Foal number 2 developed mild diarrhea on day three and metronidazole (25mg/kg, every 8 hours, orally) and omeprazole (4 mg/kg, once daily, orally) were added to the treatment regimen. At that time, ultrasonographic examination of the abdomen and thorax was performed and revealed changes consistent with enteritis and mild pneumonia. No abnormalities of the umbilical remnants were detected ultrasonographically in any of the foals. 
Pre-operatively all foals received flunixin meglumine (1.1 mg/kg, IV) which was discontinued following lavage in order that it did not mask the signs of continuing or renewed sepsis. At the time of discharge, five foals were discharged with no further antimicrobial therapy and five foals were discharged on a course of antimicrobials. The foals discharged with antimicrobials received either doxycycline (10mg/kg, every 12 hours, orally), or trimethroprim/sulphonamide (30 mg/kg, every 12 hours, orally) for two weeks, except for foal number 12, which continued treatment with azithromycin (10 mg/kg, once daily, orally) and rifampicin (5 mg/kg, every 12 hours, orally) for 6 weeks post discharge. 

Outcome
Ten of the 12 foals survived to be discharged from hospital. Foal ten died as a result of generalized sepsis, with several joints becoming septic. Foal one remained markedly lame and pyrexic after the initial needle lavage and subsequent second arthroscopic lavage was performed. The prognosis was considered guarded based on the poor response to treatment, and this foal was euthanized on day 10 of hospitalization. Foal number two was euthanized 15 days post discharge due to chronic intestinal Salmonellosis and renal failure, although no lameness was evident. During post-mortem examination, no gross abnormalities were evident in the affected coxofermoral joint. Follow-up was performed by telephone conversation with the owner/ keeper and information was available for 8 of the 10 foals that were discharged. No residual lameness was reported. A further follow up by the referring veterinary surgeons 6 months after discharge was available for 6 of the foals, all of which were reported to be free from lameness and clinically normal.



Discussion

To date, there are no studies that describe the outcome following arthroscopic debridement and/or percutaneous through-and-through technique (needle lavage) of the coxofemoral joint affected by sepsis in foals. The findings presented here suggest that with early intervention, targeted lavage and following the use of systemic and local antimicrobial therapy there is a good prognosis for recovery and long term soundness. Despite previous reports of coxofemoral sepsis,6,11-13 detailed clinical presentation and therapeutic management have not been reported.  In 11 of the 12 cases reported in this series, the foals originated from farms with experienced personnel and protocols in place for daily assessment of all young stock. There is little doubt that this approach greatly facilitated early recognition of disease and subsequent referral.
The arthroscopic approach to the coxofemoral joint has been previously described for diagnosis and treatment of tearing of the ligament of the head of the femur, removal and debridement of osteochondral fragments, assessment of cartilage damage associated with acetabular rim fractures, and visualization of cystic lesions of the femoral head.25-27 The surgical approach to the coxofemoral joint can be challenging, with limited potential to manipulate the arthroscope within the articulation due to the depth of the joint and the large overlying muscle mass that impede access to the caudal aspect of the joint.25-27 However, this problem is of much less significance in foals, and should not deter surgeons. It should be noted that an assistant is critical, as manipulation and traction of the limb, markedly improves visibility. The use of a longer arthroscope, to fully examine the coxofemoral joint was not deemed necessary in the foals reported in this study.27 Lavage and debridement of debris from septic coxofemoral joints has been previously described and it has been suggested that the effectiveness of lavage is dependent upon a sufficient volume and pressure of lavage fluid reaching the cranial and caudal recesses of the joint, which tend to accumulate fibrinous and purulent debris.27 There is little information within the literature regarding the most appropriate lavage pressure for septic synovial structures.28 In the study reported here, a pressure of 100mmHg was used.
The presence of osteomyelitis, septic polyarthritis, or generalized septicemia have been associated with a reduced prognosis.7,12 The non-survival of the single foal with polyarthritis in this case series supports these previous observations, however a larger study would be necessary to allow any firm conclusions regarding prognostic factors. 
Initial antimicrobial therapy with systemic broad-spectrum antimicrobials was started before isolation of the causative agent in all of the foals described in this report. Subsequent changes in antimicrobial were made based upon the results of culture and sensitivity, or if there was a poor response to initial treatment. A positive bacterial culture was obtained in 10/12 (83.3%) sampled foals, which is a considerable higher successful culture rate compared to other reports. 6,29 There are a number of challenges associated with obtaining a positive culture from the synovial fluid of animals which have been treated with antimicrobials.  Bacteria may become sequestered within the synovial membrane, and there may be low number of organisms in the synovial fluid.6,29 Appropriate storage and laboratory techniques including the use of transport media may be critical to success. 

In this study, no radiographic abnormalities were detected during the initial work-up in any of the foals. This may suggest that osteomyelitic changes occur late in the progression of the disease or could also be related to the lack of sensitivity of radiographs for osteomyelitis in this particular site. It should be noted that there was ultrasonographic evidence of irregularity of the contour of the acetabulum when compared to the contralateral limb in two of the seven foals scanned ultrasonographically. These findings could have been consistent with early evidence of osteomyelitis, however there was no radiographic or arthroscopic evidence of this, and neither foal suffered increased morbidity as a result of these findings. 
There was no evidence of partial or complete failure of passive transfer in any of the cases described in this report, and all but one of the foals had no previous abnormal medical history. Nevertheless, immunoglobulin levels should be assessed in all foals presented for investigation of sepsis as early detection and preventive treatment can decrease the potential for complications and the risk of polyarthritis.30 
This study reports the treatment and outcome of the largest series so far reported of coxofermoral joint sepsis in foals. The findings suggest that following early identification and aggressive treatment affected foals have a good prognosis for survival and future soundness. 
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Table 1: Summary of the 12 foals
Foal	Sex	Age (days)	Weight (Kg)	Clinical signs	Number of days from clinical signs to presentation	Joint analysis	Surgical technique	Number of arthroscopic or needle lavages	Outcome
1 TB	M	23	91	4/5 lame left hind	2	20 ml grossly purulent synovial fluid	Needle lavage followed by arthroscopic lavage	2	Euthanasia – 10 days 
2  TB	F	19	66	Intermittent pyrexia and  mild left hind limb lame	5	15 ml grossly purulent synovial fluidTP 54WBC 173x109	Needle lavage followed by arthroscopic lavage	2	Euthanasia – 15 days post discharge due to chronic salmonellosis and renal failure
3 TB	M	154	250	Left hind limb lameness and pyrexia 2 days duration	2	TP 38WBC 4.4x109	Arthroscopic lavage 	1	Discharged at 14 days 
4 TB	M	231	256	NWB left hind 	1	TP 40WBC 73x109	Arthroscopic lavage	2	Discharged at14 days
5 TB	M	16	67	4/5lame right hind	2	TP 49WBC 36x109	Arthroscopic lavage	1	Discharged at 6 days
6 TB	F	82	145	3/5 lame right hind	1	TP 60WBC 40x109	Arthroscopic lavage	2	Discharged at 13 days
7 TB	F	28	83	NWB right hind	2	TP 63WBC 42x109	Arthroscopic lavage	1	Discharged at 16 days
8 TB	M	34	110	NWB right hind	2	TP 57WBC 32x109	Arthroscopic lavage	1	Discharged at 22 days
9 ISH	F	97	162	4/5 left hind	4	TP 59WBC 56x109	Arthroscopic lavage	3, indwelling catheter placed	Discharged at 37 days
10 CD	M	12	62	4/5 right hind	0	TP 49WBC 87x109	Arthroscopic lavage	2, other joints affected (fetlock, hocks)	Died of generalized sepsis
11 TB	M	78	112	NWB right hind	2	TP 52WBC 47x109	Arthroscopic lavage	2	Discharged at 7 days
12 TB	M	102	170	3/5 left hind	1	TP 44WBC 39x109	Arthroscopic lavage	1	Discharged at 8 days

Footnotes: TB: Thoroughbred; ISH: Irish Sport Horse; CD: Clydesdale; NWB: non-weight-bearing; M: male; F: filly; TP: total protein; WBC: white blood cell






















Table 2: 




Footnotes: All foals were initially treated with Procaine Penicillin (20000 IU/kg, every 12 hours, IM) and gentamycin (6.6 mg/kg, every 24 hours, IV) by the referring veterinarian. † N/A: Not applicable * S. Typhinurium was also isolated from faecal culture.





